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Abstract Various parameters have been considered as
possible predictors of health-related quality-of-life out-
comes after THA in patients with hip osteoarthritis. We
hypothesized the preintervention health status is the main
and more homogeneous predictor of changes of the dif-
ferent aspects of health-related quality-of-life outcomes,
mental health status has an important influence on results,
whereas other sociodemographic or clinical factors had
only a punctual influence. All patients who fulfilled the
selection criteria completed the Medical Outcomes Study
SF-36 and the Western Ontario and McMaster Universities
Osteoarthritis Index (WOMAC) before and 6 months
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after the intervention. Seven hundred eighty-eight patients
completed the questionnaire before the intervention and 590
completed it (74.9%) at 6 months. The preintervention
score in each SF-36 and WOMAC domain and the SF-36
mental health domain predicted changes after the inter-
vention. Female gender, having comorbidities, contralateral
hip osteoarthritis, or back pain predicted less improvement
on some SF-36 domains. Older age, the presence of con-
tralateral hip osteoarthritis, or back pain predicted less
improvement on some of the WOMAC domains. Preinter-
vention health status, measured by the WOMAC or SF-36,
and mental health status uniformly predicted health-related
quality-of-life changes, whereas some clinical parameters
predicted some domains. SF-36 and WOMAC seem to be
appropriate tools for predicting THA outcomes.

Level of Evidence: Level II, prognostic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

THA is a successful and effective surgical procedure in
patients with serious hip disorders, especially in patients
with osteoarthritis (OA) [12, 42]. The parameters used to
measure the results of THA are diverse but should include
the patient’s opinion of the outcomes obtained. Patients’
health-related quality of life (HRQoL) can be measured
using several different validated questionnaires, including
the generic SF-36 [43] questionnaire and the specific
WOMAC [3].

Previous studies suggest the preintervention character-
istics associated with outcomes after a THA are the
HRQoL preintervention scores [15] and variables such
as age [32], gender [24], obesity [20], social support
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[13], number of comorbidities [4], preintervention mental
health [4], contralateral OA [33], and unilateral or bilateral
intervention [9]. However, there still is disagreement
regarding which factors are most likely to predict benefit
from surgical intervention.

We posed three hypotheses: (1) the preintervention
health status is the main predictive variable of change after
the intervention; (2) worse mental health status has a
negative impact on the results; and (3) other patient pre-
intervention characteristics have influence on some of the
HRQoL outcomes of the WOMAC and SF-36 reported by
patients with OA evaluated at 6 months and 2 years after
THA.

Materials and Methods

We followed selected patients having a diagnosis of hip
OA and undergoing THA in seven hospitals. Between
March 1999 and March 2000, 1495 patients were placed on
waiting lists to undergo THA. We excluded patients with a
malignancy or other organic or psychiatric conditions that
rendered them unable to participate in or complete the
questionnaires; we also excluded patients with avascular
necrosis, rheumatoid arthritis, revisions, and hip fractures.
Therefore, 504 of the 1495 patients were excluded: 326 did
not have a diagnosis of OA, 69 had severe organic or
psychiatric diseases, and 109 did not undergo the surgical
intervention owing to death, intervention at another hos-
pital, or refusal to undergo the intervention during the year
of the study. Of the 991 patients who fulfilled the selection
criteria, 817 patients agreed to participate and completed
the questionnaires sent to them before the intervention. We
had access to complete medical records for 799 of them
with a diagnosis of OA; of these, 788 completed the
questionnaires before the intervention and 590 (74.9%)
completed the questionnaires before and 6 months after
the intervention. Because of economic restrictions, the
followup of the patients at 2 years was performed in the
three hospitals with a higher volume of patients. Of
the patients from the three hospitals who were followed
for 2 years, 469 responded to the questionnaires before
surgery, 379 (80.8%) at 6 months, and 310 (81.8% from
6 months and 66% from preintervention) at 2 years. These
are the samples included in this study. We found no dif-
ferences in sociodemographic variables and main clinical
characteristics, including pain or functional limitation,
between responders and nonresponders (Table 1). No dif-
ferences were found between the whole sample followed
until 6 months and the subsample followed until 2 years in
any of the variables and in the preintervention HRQoL
scores. The ethics review boards of our respective institu-
tions approved the study.

We collected data from the hospital medical records and
directly from the patients. To retrieve data from the med-
ical records, we developed data collection questionnaires
that included sociodemographic data, the primary patient
complaint, weight and height, time with symptoms
before the intervention, time on the waiting list until the
intervention was performed, and data regarding the inter-
vention, including type of fixation mechanism. We also
recorded comorbidities (as measured by the Charlson
Comorbidity Index [8]). In this index, each of 22 comorbid
conditions is given a score depending on the risk of dying
associated with this condition and these scores then are
summed to obtain a total score. The presence of previous
hip problems, previous hip surgeries, OA in the contralat-
eral hip, and low back pain also was recorded. All patients
on the waiting list for THA received a letter informing
them of the study and asking for their voluntary partici-
pation. They received the SF-36 [43] and WOMAC [3]
questionnaires by mail along with additional questions
regarding the presence of comorbidities, social support,
and expectations before the intervention. A reminder letter
was sent to patients who had not replied after 15 days. We
then sent the questionnaires again and contacted patients by
telephone who still had not replied after another 15 days.
Six months after the intervention, patients received the
same questionnaires. Patients who did not reply to
these questionnaires were considered nonresponders. The
followup for patients not responding was as described
previously. Data regarding complications after the inter-
vention or reinterventions also were recorded.

The SF-36 is a generic instrument for measuring the
HRQoL [43]. The 36 items cover eight domains (physical
function, role physical, bodily pain, general health, vitality,
social function, role emotional, and mental health) and can
be incorporated into two physical and mental summary
scales. For the purpose of this study, only the first four
domains more related to physical HRQoL aspects and the
mental component summary scale (MCSS) were used as
outcomes for this tool. The SF-36 scores range from 0 to
100, with a higher score indicating better health status. The
SF-36 has been translated into Spanish and validated in
Spanish populations [1].

The WOMAC is a disease-specific, self-administered
questionnaire developed to study patients with hip or knee
OA [3]. It has a multidimensional scale comprising 24
items grouped into three dimensions: pain (five items),
stiffness (two items), and physical function (17 items). We
used the categorical version. The data were standardized
to a range of values from 0 to 100, in which O represents
the best health status and 100 the worst health status. The
original questionnaire is reliable, valid, and sensitive to
the changes in the health status of patients with hip or
knee OA [2, 10].
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Table 1. Sociodemographic, clinical, and descriptive statistics of our sample

Variable Total (n = 788) Nonresponders (n = 198) Responders (n = 590) p Value
Gender 0.80
Women 381 (48.35%) 94 (47.47%) 287 (48.64%)
Men 407 (51.65%) 104 (52.53%) 303 (51.36%)
Age 0.86
> 70 years 387 (49.11%) 96 (48.48%) 291 (49.32%)
< 70 years 401 (50.89%) 102 (51.52%) 299 (50.68%)
Marital status 0.36
Married 540 (69.50%) 129 (65.82%) 411 (70.74%)
Divorced 7 (0.90%) 3 (1.53%) 4 (0.69%)
Widow 160 (20.59%) 42 (21.43%) 118 (20.31%)
Single 70 (9.01%) 23 (11.22%) 48 (8.26%)
Education 0.98
Primary 650 (84.57%) 165 (84.62%) 485 (84.64%)
Secondary 96 (12.50%) 24 (12.31%) 72 (12.57%)
Graduate 22 (2.86%) 6 (3.08%) 16 (2.79%)
Body mass index (kg/m?) 0.36
> 30 250 (33.57%) 58 (31.69%) 192 (33.57%)
25-30 363 (48.08%) 84 (45.90%) 279 (48.78%)
<25 142 (18.81%) 41 (22.40%) 101 (17.66%)
Contralateral hip OA 338 (42.89%) 97 (48.99%) 241 (40.85%) 0.05
Lower limb OA (knees or ankles) 138 (17.51%) 32 (16.16%) 106 (17.97%) 0.59
Previous hip disorders 68 (8.63%) 14 (7.07%) 54 (9.15%) 0.46
Back pain 402 (54.47%) 102 (53.40%) 300 (54.84%) 0.74
Charlson Comorbidity Index 0.11
>2 22 (2.79%) 5 (2.53%) 17 (2.88%)
1-2 303 (38.45%) 64 (32.32%) 239 (40.51%)
0 463 (58.76%) 129 (65.15%) 334 (56.61%)
Social support 696 (90.39%) 177 (90.31%) 519 (90.42%) 0.96
Age* 69.13 £ 8.91 68.51 £+ 9.88 69.34 £+ 8.54 0.29
Days before intervention*® 156.19 £+ 101.91 158.15 + 130.39 155.62 + 92.17 0.81
Days with pain* 45.39 £ 59.74 37.59 + 40.84 48.05 £+ 64.75 0.01

* Values expressed as mean =+ standard deviation; OA = osteoarthritis.

The unit of study was the patient. In cases in which two
interventions were performed for the same patient during
the recruitment period, we selected the first one.

Descriptive statistics included frequency tables, means,
and standard deviations. In the univariate analysis, the
unadjusted effect of the predictors on HRQoL improve-
ment was estimated for each SF-36 and WOMAC domain.
The selected potential predictors included were age, gen-
der, level of education, marital status, social support, body
mass index, presence of previous hip disorders, OA in the
contralateral hip, low back pain, comorbidities as measured
by the Charlson Comorbidity Index, time with symptoms
before the intervention, time from when the intervention
was indicated until it was performed, expectations before
the intervention of symptom relief, and the basal mental
health status based on the score of the SF-36 mental health
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domain as a simple measure of anxiety or depression
problems. In the univariate analysis, general linear models
were performed for all predictive variables included in the
study (Table 2). To more adequately interpret the J3
coefficients of the HRQoL domains, all were estimated as a
10-unit improvement. Therefore, for instance, the inter-
pretation of the results of a coefficient of —37.7 in the role
physical domain corresponds to a decrease of 37.7 units as
preintervention domains increase 10 units. Interpretation of
B coefficients in the case of the categorical variables, for
instance, for women, for a value of —11.05 in SF-36
physical function means 11.05 points less than men (ref-
erence group) in the mean change in that domain, with the
other patient characteristics being the same.

Variables statistically significant in the univariate anal-
ysis were included in multivariate analyses. In these
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Table 2. Nonadjusted predictors of SF-36 and WOMAC domain changes 6 months after THA (n = 788)

Studied variables WOMAC domains

Sf-36 domains

Pain Stiffness Functional  Physical Role physical Bodily pain  General health MCSS
limitation functioning
Age 0.50 0.51 0.38 0.30 0.25 0.76 0.43 0.90
Gender (female) 0.56 0.79 0.87 0.01 0.0002 0.004 0.08 0.54
Level of education 0.001 0.03 < 0.001 0.26 0.75 0.04 0.50 0.30
Marital status 0.15 0.01 0.24 0.18 0.22 0.02 0.53 0.24
Social support 0.19 0.46 0.41 0.13 0.008 0.25 0.99 0.79
Body mass index 0.15 0.50 0.13 0.01 0.49 0.91 0.41 0.94
Previous hip disorders 0.57 0.60 0.22 0.95 0.18 0.56 0.99 0.27
Contralateral hip OA 0.43 0.62 0.02 0.002 0.16 0.52 0.42 0.86
Lower limb OA (knees or ankles) 0.92 0.67 0.76 0.99 0.74 0.53 0.41 0.61
Back pain 0.16 0.09 0.46 0.46 0.52 0.04 0.24 0.27
Charlson Comorbidity Index 0.92 0.36 0.35 0.24 0.52 0.58 0.47 0.06
Days with pain before intervention 0.61 0.01 0.48 0.07 0.62 0.47 0.16 0.62
Days before intervention 0.10 0.52 0.06 0.25 0.003 0.41 0.57 0.62
Expectations on pain relief 0.62 0.46 0.90 0.44 0.89 0.28 0.12 0.84
SF-36 mental health domain 0.002 0.25 0.27 < 0.001 0.006 0.06 0.004 NA
Preintervention domain < 0.001 <0.001 <0.001 < 0.001 < 0.001 < 0.001 < 0.001 < 0.001

MCSS = SF-36 mental component summary scale; OA = osteoarthritis; NA = not applicable.

analyses, general linear models were performed for each
SF-36 and WOMAC domain using men younger than
70 years, without contralateral hip OA, comorbidities, or
back pain as the reference because those were the statisti-
cally significant variables in the univariate analysis and
those categories were expected to have higher gains. R?
values, as a measure of variability explained by each
model, were obtained for all the models. All statistical
analyses were performed using SAS™ for Windows™ sta-
tistical software, 8.2 Release (SAS Institute, Inc, Cary,
NO).

Results

Preintervention WOMAC and SF-36 health status were the
main predictive variables of change after the intervention.
Lower preintervention HRQoL values in each respective
domain uniformly predicted higher improvement after the
intervention in all SF-36 domains (Table 3). The multi-
variate analysis of the WOMAC domains (Table 4) showed
the worse the preintervention status on the respective
domains, the higher was the change after the intervention
in the three WOMAC domains.

Mental health status influenced HRQoL outcomes. The
better the preintervention mental health status as measured
by the SF-36 mental health domain, the higher the gains,
with the exception of general health (Table 3). The mul-
tivariate analysis of the WOMAC domains (Table 4)

showed the better the preintervention mental health status,
the higher the change in all domains.

Other different patient preintervention characteristics
have influence on HRQoL outcomes. In the case of SF-36
outcomes, women had worse scores (less gain) in all the
SF-36 domains than men with otherwise similar conditions.
The presence of contralateral hip OA was associated with
worse scores in the physical functioning domain; having
comorbidities as measured by the Charlson Comorbidity
Index was associated with worse scores in the domains of
physical functioning, role physical, and MCSS. The pre-
vious presence of back pain was related to worse scores in
mean changes of all SF-36 domains except in the physical
functioning and role physical, whereas age or the presence
of social support were not related to changes in any of the
domains (Table 3). Being older predicted worse WOMAC
scores in the pain domain; the presence of contralateral hip
OA predicted lower score gains in the pain and functional
limitation domains. None of the other variables had any
relationship with the changes after the intervention in the
three WOMAC domains after adjusting for all variables
included in the multivariate analysis (Table 4). The relative
predictive powers (R values) were greater than 20% to
40% in SF-36 domains such as the physical functioning,
bodily pain, and MCSS. In the case of the WOMAC, the
obtained R? values were approximately 50% for pain and
stiffness and greater than 30% in the functional limitation
domain. The percentage of the variability explained by the
preintervention score of each domain of the SF-36 was, in

@ Springer
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Table 3. Adjusted predictors of SF-36 domain changes 6 months after THA*

Variable effects Physical functioning Role physical Bodily pain General health MCSS
B p value B p value B p value B p value B; p value

Intercept 51.28 < 0.001 31.68 <0.001 55.87 <0.001 34.00 <0.001 39.50 < 0.001
Preintervention domain —-8.64 <0.001 -1791 <0.001 -7.77 <0.001 —4.73 <0.001 —6.58 < 0.001
Preintervention SF-36 mental health domain 0.45 0.01 1.15 0.002 0.55 0.01 0.17 0.20 NA NA
Age (> 70 years) -291 0.15 3.98 0.33 1.92 0.42 1.28 039 082 041
Gender (female) —-11.05 <0.001 —1558 <0.001 -8.62 <0.001 —-3.58 0.02 -371 <0.001
Contralateral hip OA (yes) —-8.84 < 0.001 —7.66 0.06 —3.35 0.17 —0.65 0.66 053 0.60
Charlson Comorbidity Index

1-2 —5.34 0.01 —5.34 0.20 —-3.91 0.11 -3.92 001 —-1.59 0.12

>2 -9.17 0.12 11.84 0.33 3.01 0.66 —1.56 071 —4.09 0.16
Back pain (yes) -3.12 0.13 —4.42 029 —1145 <0.001 -3.42 0.02 —-2.87 0.005
Model R? 38.16% 21.48% 32.21% 22.01% 43.78%

* Models obtained taking as reference men younger than 70 years without previous hip disorders, comorbidities, and back pain; B; = estimated
coefficient; MCSS = SF-36 mental component summary scale; NA = not applicable; OA = osteoarthritis.

Table 4. Adjusted predictors of WOMAC domain changes 6 months after THA*

Variable effects Pain Stiffness Functional limitation
B p value B p value B p value

Intercept 14.31 < 0.001 20.01 < 0.001 22.27 0.003
Preintervention domain —8.85 < 0.001 —8.98 < 0.001 —8.23 < 0.001
Preintervention SF-36 mental health domain —0.32 0.01 —0.38 0.01 —-0.44 0.002
Age (> 70 years) —2.93 0.04 —0.61 0.72 —0.47 0.76
Gender (female) 2.01 0.16 3.11 0.08 2.82 0.08
Charlson Comorbidity Index

1-2 1.76 0.22 1.53 0.39 2.40 0.13

>2 0.33 0.93 —0.11 0.98 0.72 0.87
Contralateral hip OA (yes) 3.95 0.006 3.48 0.05 6.39 < 0.001
Back pain (yes) 2.28 0.11 0.68 0.70 2.36 0.13
Model R? 48.97% 52.45% 35.50%

* Models obtained taking as reference men younger than 70 years without previous hip disorders, comorbidities, and back pain; B; = estimated

coefficient; OA = osteoarthritis.

general, greater than 70%, whereas in the case of the
WOMAC domains, they predicted between 87% and 95%.
When considering the previous predictive variables at
2 years (Table 5), level of education did not predict
changes in the SF-36 domains, and gender and Charlson
Comorbidity Index (> 2) predicted only MCSS. For the
WOMAC, age was no longer predictive of changes,
although back pain was. The R? almost had no change or
even improved.

Discussion

Determining the influence of various preintervention clin-
ical, sociodemographic, or health status parameters in the

@ Springer

changes obtained by patients undergoing a THA is a key,
valuable, and practical issue for clinicians, and also for
patients. It can help clinicians in their medical decision-
making process. Various publications have partially stud-
ied this issue. Our study, with a relatively large prospective
cohort of patients, addressed the question of the influence
of most of those parameters on THA results at 6 months
after the intervention. Our hypotheses were that the pre-
intervention health status is the main and more
homogeneous predictor of changes of the different aspects
of HRQoL outcomes measured by two well-known
instruments (SF-36 and WOMAC), worse mental health
status also consistently predicts poorer results, whereas
other patient characteristics may have an influence on some
of the measured outcomes.
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Our study had several limitations. First is the percentage
of nonresponders or missing values. However, we had what
we considered a good response rate before the intervention
and at 6 months (75%). This is comparable to those in
other large followup studies [5, 19]. When comparing
patients who responded with those who did not, we found
no differences in the most relevant variables. Therefore,
although a bias may be present in our study owing to these
losses, we believe it is likely to be minor and our results
can be generalized to the entire sample. Second, we present
results of followup up to 6 months and, with a subsample,
up to 2 years after the intervention, as previous researchers
also have done. According to our results and those of others
[15, 36], the changes in HRQoL produced between
6 months and 2 years after the intervention are small,
therefore 6 months seems an appropriate timing for eval-
uation [9]. Nevertheless, we studied the predictive value of
the same variables at 2 years. Most remained predictors,
although some of them (age, with WOMAC; education,
gender, presence of OA in the contralateral hip, and social
support with the SF-36) no longer predicted changes. This
difference could be attributable to the fact that those
variables were not really predictive or the smaller sample
size we have at 2 years. Third, although the questionnaires
that measure HRQoL provide valuable information, they
also have some inherent problems. Cited limitations of the
two HRQoL tools used in this study include the presence of
a ceiling effect after THA and the poor ability of the SF-36
to predict postoperative improvement on an individual
basis, which should prevent it being used as a stand-alone
tool to determine treatment selection [30, 36]. However,

the two HRQoL tools have been recommended by others
for this kind of study [34, 38].

Several studies have included some of the variables
examined in this work, but as far as we know, no study
included as comprehensive a range of variables in relation
to the SF-36 and WOMAC. Our study confirms the findings
of others [7, 14, 24] that the worse the preintervention
health status, the higher was the gain expected after the
intervention. Nevertheless, the patients with low preinter-
vention scores, although gaining relatively more, did not
reach the scores of the patients with higher preintervention
scores, at least not in certain domains.

Our data also confirm the finding of one study [4]
showing the worse the preintervention mental health status,
the worse the outcomes. Some studies of TKA also have
suggested the preintervention mental health score of the
SF-36 independently predicted the postintervention
changes in all the domains of the SF-36 and WOMAC [11,
25]. This was the only variable we found that predicted
HRQoL changes in all domains of both questionnaires.

Various studies have evaluated separately the influence
of different patient characteristics on THA results
(Table 6). The influence of age [6, 21, 29, 32, 35, 37],
gender [22, 24], and other sociodemographic variables [26]
have been studied. In most of the previously mentioned
studies, age had no influence on the changes experienced
after the intervention. However, differences were found
regarding male gender; few other sociodemographic vari-
ables were identified as predictors apart from race or
occasionally education status. Owing to the homogeneous
population in our region, race does not predict outcome

Table 6. Results of selected studies* regarding influence of different patient characteristics on changes after THA

Patient characteristic evaluated Studies

Results in outcomes (mean changes) after THA

Results in our study

Gain Loss No influence

Older age Nilsdotter and Lohmander [32] X Loss (in some domains)

Rissanen et al. [37] X
Gender (female) Kennedy et al. [24] X Loss (in some domains)
Social support (yes) Ethgen et al. [13] X No influence
Obesity Stickles et al. [40] X No influence

Moran et al. [31] X
Comorbidities Bischoff-Ferrari et al. [4] Loss (in some domains)
Back pain Wolfe [44] X Loss (in some domains)
Contralateral hip OA Nilsdotter et al. [33] X Loss (in some domains)
Longer time on waiting list Nilsdotter and Lohmander [32] X No influence

Hajat et al. [17] X

Davis et al. [9] X
Higher patient expectations Mahomed et al. [27] X No influence
Worse mental health status Bischoff-Ferrari et al. [4] X Loss (in all domains)

* Studies were selected by having design and outcomes selected similar to our study; OA = osteoarthritis.
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[37]. The influence of the presence of obesity [20, 31, 40]
and diverse comorbidities [4, 16, 44], including the
influence of the Charlson Comorbidity Index [18], also
has been studied. As we found, previous studies have
reported obesity did not predict postoperative changes,
whereas the Charlson Comorbidity Index did in some
domains. Other studies suggest using other comorbidity
indices not predictive of mortality, like the Charlson
Comorbidity Index, but morbidity may predict changes
[16]. In our study, back pain was predictive for some
domains. The influence of patients’ expectations [27], the
presence of social support [13], the time the patient
remains with symptoms [41], and the waiting time until
the intervention [9, 17, 23, 28] all have been evaluated.
The results of previous studies have differed regarding
the influence of these factors, especially in relation to the
waiting time until the intervention. We found the time the
patient was symptomatic or the waiting time until surgery
did not predict changes in any WOMAC domain, nor did
patients’ expectations or the presence of social support.
However, some other physiologic, local mechanical, and
neuromuscular factors not included in this work have
predicted changes experienced after TKA [39]. Therefore,
future studies also should concentrate in the predictive
capacity of changes in those variables after THA.

Our study, like some others, showed age, obesity, time
on the waiting list, and patient expectations do not have an
influence on changes in HRQoL parameters after THA. In
general, after a THA, an important gain in HRQoL can be
expected. However, female gender, the presence of
comorbidities, back pain, contralateral hip OA, or worse
mental health status predicted less gain. Nevertheless, the
main predictor of change is the preintervention status in
each HRQoL of the patient. The SF-36 and WOMAC are
appropriate tools to measure the preintervention health
status of these patients providing complementary informa-
tion, although they are difficult to use in clinical practice.
Alternatively, patient reports on physical and mental
symptoms can provide such information to clinicians.
Patients and physicians should consider these findings when
discussing the timing and appropriateness of THA.
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